We study the stellar populations and assembly of the nearby spiral galaxy NGC 2903's bulge, bar, and outer disc using the VIRUS-P Exploration of Nearby Galaxies IFS survey. We observe NGC 2903 with a spatial resolution of 185 pc using the Mitchell Spectrograph's 4.25 arcsec fibres at the 2.7 Harlan J. Smith telescope. Bulge-bar-disc decomposition on the 2MASS K s -band image of NGC 2903 shows that it has ∼ 6%, 6%, and 88%, of its stellar mass in the bulge, bar, and outer disc, respectively, and its bulge has a low Sérsic index of ∼ 0.27, suggestive of a disky bulge. We perform stellar population synthesis and find that the outer disc has 46% of its mass in stars > 5 Gyr, 48% in stars between 1 and 5 Gyr, and <10% in younger stars. Its stellar bar has 65% of its mass in ages 1-5 Gyr and has metallicities similar to the outer disc, suggestive of the evolutionary picture where the bar forms from disc material. Its bulge is mainly composed of old high-metallicity stars though it also has a small fraction of young stars. We find enhanced metallicity in the spiral arms and central region, tracing areas of high star formation as seen in the Hα map. These results are consistent with the idea that galaxies of low bulge-to-total mass ratio and low bulge Sérsic index like NGC 2903 has not had a recent major merger event, but has instead grown mostly through minor mergers and secular processes.
INTRODUCTION
Observational constraints on the assembly history of different components of a galaxy are essential to understand how quickly and through what mechanisms galaxies grow. The outer disc, primary bar, and different types of central bulges (classical, disky and boxy/peanut) are fundamental stellar components of spiral galaxies that define the Hubble sequence (Kormendy 1993; Athanassoula 2003; Sheth et al. 2005) . These components are thought to be built through E-mail: andreiac@utexas.edu different evolutionary pathways and their morphology, kinematics, star formation rate (SFR), stellar ages, stellar metallicities, and star formation history (SFH), provide important constraints on the assembly history of these components and their host galaxy.
Simulations have suggested that the outer disc grows from minor mergers or gas accretion through cold and dense filaments (Somerville & Davé 2015) . After which, bar-formation could be spontaneously or tidally induced (Romano-Díaz et al. 2008) . The bar then efficiently redistributes mass and angular momentum in the galaxy (Shlosman & Noguchi 1993; Knapen et al. 1995; Athanassoula 2005; Jogee et al. 2005 ) and drives gas inflows into the circumnuclear regions of the galaxy.
The bulge, on the other hand, comes in different forms that have different proposed evolutionary scenarios. Classical bulges are dominated by random motion (characterized by velocity dispersion, σ) rather than ordered motion (characterized by circular velocity, v), therefore having low v/σ. A classical bulge is thought to be built generally by violent relaxation in dry or modestly gas-rich galaxy major mergers. Disky pseudobulges have high v/σ and are dominated by ordered motion, reminiscent of galactic discs. They are believed to have been built via gas that is funneled to the central region of a galaxy (Kormendy 1993; Kormendy & Kennicutt 2004a; Jogee et al. 2005; Athanassoula 2005; Weinzirl et al. 2009 ). Boxy (or peanut) pseudobulges form from stellar bar material scattered to larger scale heights via instabilities or vertical resonances (Combes et al. 1990; Athanassoula 2005) . It is important to note that a galaxy does not necessarily have just one type of bulge. For example, a disky pseudobulge can coexist with a boxy pseudobulge (e.g., Barentine & Kormendy 2012) or a classical bulge (e.g., Erwin et al. 2015) .
High resolution images have allowed for morphological and structural studies that place some constraints on a galaxy's assembly history (Kormendy 1993; Kormendy & Kennicutt 2004a; Weinzirl et al. 2009 Weinzirl et al. , 2014 Fisher & Drory 2008; Jogee et al. 2004; Marinova & Jogee 2007; Jogee et al. 2009; Weinzirl et al. 2011) . Integral Field Spectroscopy (IFS or IFU) surveys at high spatial resolution can strongly complement morphological studies by constraining the stellar populations and ionized gas properties of different galaxy components. One such survey is the VIRUS-P Exploration of Nearby Galaxies (VENGA) IFU survey (Blanc et al. 2013 ) that includes observations of 30 nearby spirals from their central regions to their outskirts. VENGA complements many recent IFU surveys (MaNGA, Bundy et al. 2015; CALIFA, Sánchez et al. 2012; SAMI, Croom et al. 2012) , that target large samples of galaxies out to large distances, have spatial resolution of typically several kpc, and have primarily provided important statistical insights on global properties of galaxies. With VENGA, we can specifically explore the assembly of the outer disc, primary bar, and different types of central bulges.
We are doing a pilot study on the stellar populations and mass build-up of the bulge, the bar, and the outer disc for one of the galaxies in the VENGA survey, NGC 2903. It is an isolated spiral galaxy (Irwin et al. 2009 ) with circumnuclear star formation, a bar, and grand-design spiral arms. With this pilot study, we aim to advance the field of stellar populations and aid our understanding of the evolution in the different parts of a galaxy because of the following advantages: (1) NGC 2903's low distance (8.9 Mpc) leads to a superb spatial resolution (185 pc), and the large coverage from the bulge to the outer disc allows for the study of spatiallyresolved galaxy properties; (2) its structural properties are interesting: it is a SAB(rs)bc spiral (de Vaucouleurs et al. 1995) with a strong bar in the near-infrared (NIR ellipticity of 0.88 and a bar-to-total (Bar/T) light ratio = 0.06; see Table 1) , a low bulge-to-total (B/T) light ratio of 0.06, and low Sérsic index, n∼0.27 (see Table 1 ). We aim to compare our stellar population synthesis results of NGC 2903 to the study by Weinzirl et al. (2009) which suggests, based on their comparison of a large sample of spirals with predictions from two semi-analytical models (Khochfar & Burkert 2005; Khochfar & Silk 2006; Hopkins et al. 2009 ), that spiral galaxies with low bulge to total mass ratio (B/T< 0.2) have not undergone a major merger since z∼2, and have built their outer discs as well as part of their bulge at later times through gas accretion, minor mergers, and secular processes. This is supported by more recent studies on bulge formation with hydrodynamical simulations (e.g. Gargiulo et al. 2019; Tacchella et al. 2019 ) that show the importance of secular evolution and significance of disc formation in building low Sérsic index and low B/T bulges; (3) it is one of the barred galaxies in Kaplan et al. (2016) that also uses VENGA to look at gas-phase metallicity with 7 different indicators providing us with emission line analysis results to compare to; (4) it is a well-studied galaxy and has a wealth of ancillary data (e.g., 2MASS near-infrared among others) which we can take advantage of to do a morphological study in combination with the spectral analysis.
This paper is organized as follows: In Section 2 we describe observation, data reduction and data cube building, we outline in Section 3 the bulge-bar-disc decomposition using GALFIT, in Section 4 we explain the stellar population fitting procedure, in Section 5 we present mass-build up histories for the bulge, bar, and outer disc, in Section 6 we discuss the implications of our derived stellar population maps and star formation histories, and lastly, we summarize our results in Section 7.
VENGA SAMPLE AND DATA REDUCTION

Observations
VENGA (Blanc et al. 2013) includes 30 nearby spirals observed over ∼150 nights with the Mitchell Spectrograph on the 2.7 meter Harlan J. Smith telescope (Hill et al. 2008) . The survey benefits from high spatial sampling of typically a few 100 pc resolution (fibre size of 4.25 ) with 80% of the galaxies less than 20 Mpc away, large coverage from the bulge to the outer disc, broad wavelength range (3600-6800 A), and medium spectral resolution (120 km/s at 5000Å or R∼1000).
Three pointings, each with three dithers were done for NGC 2903, with every dither observed at 4800s exposure time. The dithering compensates for the 1/3 filling factor of the spectrograph and the three pointings enables us to observe from the bulge to the outer disc with a field of view of 110 × 110 per pointing as seen in Figure 1 . Observations were done with a blue setup (3600-5800Å) and a red setup (4600-6800Å) to increase the wavelength coverage of the survey without compromising the medium spectral resolution. These were then later combined during the reduction procedure.
These observations result in data with high signal-tonoise ratio (SNR) of up to ∼300 in the central region. We have a spatial resolution of 185 pc at the distance of NGC 2903 (8.9 Mpc), enough to resolve the bulge area with multiple spaxels. 
Data Reduction and Building Data Cube
We refer the reader to Blanc et al. (2013) for details on the VENGA data reduction. To summarize, we used the pipeline VACCINE (Adams et al. 2011) which does bias and dark subtraction, flat fielding, wavelength calibration, cosmic ray rejection, and sky subtraction after which, the astrometry was determined and the data was flux-calibrated. This was a two-step process: first by using a standard star for relative flux calibration and next by using SDSS g and r band images, convolved to the fiber size of Mitchell spectrograph, for absolute flux-calibration and astrometry. Lastly all science frames were combined into a datacube (two versions for each galaxy with linearly-sampled or logarithmicallysampled wavelengths) that contains the wavelength, flux, flux error, spatial position, and instrumental resolution.
Additionally, we Voronoi-binned (Cappellari & Copin 2003) the data to increase the SNR to at least 50 per bin. This had a net effect of combining spaxels on the edges of the field of view. In the end, we had a total of 6,812 spaxels available for full-spectrum fitting for NGC 2903.
BULGE-BAR-DISC DECOMPOSITION
We follow the methods Weinzirl et al. (2009) in decomposing the galaxy light into the bulge, bar, and disc components. This method specifically uses GALFIT (Peng et al. 2010) to fit different Sérsic profiles to the galaxy light. We use the 2MASS K s -band image from 2MASS Large Galaxy Atlas (Jarrett et al. 2003) for our decomposition because it best traces stellar mass and the stellar mass-to-light ratio in the K s -band remains roughly constant with stellar population age. We also determined a PSF image from stars in the field, to be fed into GALFIT.
We do the following steps based on Weinzirl et al. (2009) : we first fit with a single Sérsic component which determines the total luminosity, the center of the galaxy, and the inclination of the outer disc which are then held fixed for the later stages. Next we fit two components, a Sérsic component representative of the bulge, and an exponential disc. We then proceed to a three component fit with an exponential disc and two Sérsic components (for the bulge and for the bar) using the best fit model from the two component (bulge+disc) fit as initial guesses on the parameters. The models and the residuals divided by the data are shown in Figure 2 . We decide whether the 2-component (bulgedisc) or 3-component (bulge-bar-disc) decomposition is better based on the prescription from Section 3.3 in Weinzirl et al. (2009) . An indication that the 3-component fit is most appropriate for NGC 2903 can be seen in the residual divided by the data map (see bottom row of Figure 2 ), where lighter regions indicate lower residual over data and therefore a better fit. Since the galaxy has a bar as seen in Figure  1 , the residuals in the one component and two-component fits contain prominent and m = 2 symmetric light distribution pattern due to the unsubtracted bar light. However, this residual pattern is significantly reduced with the three component (bulge+bar+disc) fit. Other light patterns in the residual map remain, though these are due to the spiral arms which are unaccounted for in our light decomposition. Table  1 shows the component-to-total ratios and statistical results from this GALFIT analysis of NGC 2903.
We then fed the 3-component best-fit model back to GALFIT to get the image blocks for each light-component (see Figure 3 ). For a given position, we now know how much light is contributed by the bulge, bar, and disc components. We assign the NGC 2903 VENGA spaxels by matching their position to the GALFIT decomposition and determining which component contributes > 50% of the light for that area. This breakdown of spaxel assignment is illustrated in Figure 4 where nine bulge spaxels are shown in orange, 640 bar spaxels are in blue, 6,062 outer disc spaxels are in purple, and 101 unassigned spaxels are in gray. Though we know how much each component contributes to the light, we do not know the breakdown of the stellar populations that should be ascribed to each component at a given spaxel. We therefore chose to assign a spaxel to one component as long as that component dominates more than half of the light in that region. Going forward, we use these spaxel memberships to assign a given spaxel to the bulge or bar or outer disc components, to determine their associated properties. The unassigned spaxels (1.5%) were excluded from the individual component mass build-up histories. We do not use a more stringent spaxel assignment (i.e. >70%) as this yields no spaxels for the bulge. This also decreases the number of bar spaxels to 97 and outer disc spaxels to 5,638.
STELLAR POPULATIONS ANALYSIS
Fitting physically-motivated combinations of stellar populations to IFU data is challenging, and so parameterization of the SFH is usually implemented (see discussions in Conroy 2013). However, numerous codes do exist for fitting stellar populations to IFU data (STARLIGHT: Cid Fernandes et al. 2005 , PIPE3D: Sánchez et al. 2016 , FIREFLY: Wilkinson et al. 2017 ) that have nonparametric SFH. The advantage of a nonparametric solution is that it does not assume a declining, rising, or constant SFH, and is therefore a better Notes: (1) 3-Stage GALFIT fitting with 1, 2, and 3 components.
(2) GALFIT light profile/galaxy component being fit (3) χ 2 for each step (4) reduced χ 2 (5) Effective radius or scale length in case of the disc measured in arcseconds (6) Sérsic index n (Sérsic 1963) (7) semi major axis to semi minor axis ratio i.e. 1 -ellipticity, e (8) Position angle measured in degrees (9) component to total light ratio.
approach in getting the SFH of a spiral galaxy, which may have a bursty or stochastic star formation history.
For fitting the stellar populations in this study, we used the Penalized Pixel-Fitting (pPXF) method (Cappellari & Emsellem 2004; Cappellari 2017) . Though usually employed for getting gas and stellar kinematics, it has also been used in a number of stellar populations studies (e.g., Onodera et al. 2012; McDermid et al. 2015) . In general, pPXF derives the mass-weighted, best-fit template as a linear combination of stellar populations with different ages and metallicities. Regularization is suggested for using pPXF in stellar population studies as deriving the SFH from a grid of templates is an ill-conditioned inverse problem (see discussion in Section 3.5 from Cappellari 2017) and requires further assumptions. This is especially important for low SNR data like other IFU surveys of nearby galaxies where over-fitting to noisy data could be an issue. A regularized solution gives the smoothest star formation history consistent with the data. However, with our high SNR data, the non-regularized best fit model from pPXF performed well in our cross-validation tests and produced similar SFH trends to the regularized case (tested on 120 spaxels), as we collapse our age resolution into four bins in the end. The differences in the average ages and metallicities between the non-regularized and regularized fits are also quite small i.e. 0.50 ± 1.9 Gyr for age and 0.13±0.06 dex for metallicity. From these tests, we decided to proceed on using pPXF without regularization which benefits from being computationally less expensive while still producing physically-motivated results.
Throughout the full-spectrum fitting process, we mask out wavelength ranges that have poor sky subtraction. We also mask higher order Balmer lines (up to Hθ) to improve the fit, especially for areas with high star formation activity. In determining the best fit combination of stellar populations, we normalize the continuum with a Legendre polynomial (LP) Later on however, we do derive the reddening for each spaxel from the continuum (see Section 4.2) in order to get the intrinsic luminosity and therefore the intrinsic mass of the galaxy.
Fine-tuning of the template library
We first used stellar population templates from the MILES template library from Vazdekis et al. (2010) that were already provided within the pPXF package distribution. Specifically, these spectra are based on the MILES empirical stellar library with a Salpeter (1955) initial mass function (IMF), and Padova isochrone tracks (Girardi et al. 2000) . The spectra have FWHM of 2.51Å that cover 6 metallicities from [M/H] = -2.3 to [M/H] = +0.22 and a full age range (from 63.1 Myr to 15.85 Gyr). We convolved the templates with the wavelength-dependent instrumental dispersion of our data.
However, using these templates for NGC 2903, a starforming galaxy, forced the best fit spectra to contain a sizable portion of the mass to come from the youngest template at the lowest metallicity. This is unphysical unless pristine, un-enriched gas is funneled into the galaxy. The more likely scenario is that young stars are present and pPXF erroneously tries to fit the bluest template, which in MILES correspond to the youngest, most metal-poor templates.
To alleviate this problem, we used the more extensive library Base GM (Rosa Gonzalez-Delgado priv. comm.) adopted from the code STARLIGHT. This template library also includes the Vazdekis et al. (2010) . We assign spaxels to the bulge, bar, and outer disc if these components contribute to > 50 % of the total light at each location. The spaxels are shown as orange for the bulge, blue for the bar, and purple for the outer disc. The grey areas have spaxels with no dominating (i.e. >50%) light source. They were therefore not included in calculating the mass build up history for the individual galactic components.
tracks (Schaller et al. 1992; Schaerer et al. 1993; Charbonnel et al. 1993 ) as well as a Salpeter IMF.
Base GM templates has a FWHM of 6Å, which matches the CALIFA resolution (Sánchez et al. 2016) and is higher or lower than our data's spectral resolution (4.6Å to 6.1Å), depending on the wavelength range under consideration. pPXF is ran with the prescription that the template library has similar or better resolution than the observed data. We therefore had to degrade our data to the same resolution as the templates and re-measure the final FWHM from the convolved arc lamps. Not doing this properly could result into inaccurate velocity dispersion determination.
With the convolved and updated set of templates, the 63 Myr lowest metallicity template was no longer being fit and instead, as expected, there are contributions from templates <5 Myr at more reasonable, higher metallicities i.e. Another factor that changes the line profile and isochrone, and therefore the integrated spectra for a stellar population at a given age and metallicity, is α-enhancement. Alpha elements (O, Mg, Si, S, Ca, Ti) are dispersed into the interstellar medium by core-collapse supernovae as a result of massive star death, but are then diluted by supernova Type Ia (SNe Ia) events that do not contribute as much α elements. An α-abundant stellar population has an isochrone track shifted to cooler temperatures (or redder colors). Early-type galaxies and galaxy regions that have undergone rapid star formation have been found to have enhanced α-abundances, having very little successive star for-mation events to dilute them. We therefore investigated the contribution of α-enhanced stellar populations in the different components of NGC 2903.
The alpha-enhanced SSPs (Vazdekis et al. 2015) use the same MILES empirical stellar library, Salpeter IMF, and BaSTI isochrones (Pietrinferni et al. 2004 (Pietrinferni et al. , 2006 with α abundance, [α/Fe] = +0.4. This is different from the scaled solar model in that for the scaled solar model, Figure  5 for a pPXF fit to a sample spaxel, employing the procedure outline in this section.
Treatment of dust
In the previous section, we fit away the continuum in order to get the stellar populations based mostly on the presence and shapes of lines. However, in trying to get a mass for a spaxel and more importantly, a total mass of contributing spaxels to each galaxy component, we need to get the intrinsic, dustcorrected continuum light from the galaxy.
We derived E(B − V) from pPXF by fitting the bestfit spectra derived from the LP fit with a Calzetti curve (Calzetti et al. 1994) . pPXF does this by determining how much the continuum shape has changed from an unattenuated spectra i.e. the default for the template spectra. We then deredden the observed spectra, which we multiply by the M/L in the SDSS g-band and corresponding weight derived from the LP fit, to get the g-band mass for that spaxel for each contributing stellar population. We discuss this procedure in greater detail in Section 5.
To check for consistency, we also derived the E(B − V) from the Balmer decrement method. We apply Equation 1 (adopted from Domínguez et al. 2013) using Hα and Hβ fluxes measured from pPXF to get the E(B − V) for each spaxel, assuming Hα/Hβ = 2.87 (Case B recombination at 10, 000K and 10 2−4 cm −2 , Osterbrock & Bochkarev 1989) . Here, k λ is defined by the Calzetti curve.
However, one must be wary that the reddening derived from the gas is not necessarily the same as the reddening from the continuum. One complication to the Balmer decrement method is that Hα/Hβ is a function of temperature and density and we assume that the emission is coming from a star-forming region. However, diffuse ionized gas (DIG) which has non-local origins, also contribute Hα (see Kaplan et al. 2016 for how they dealt with DIG emission in a sample of VENGA galaxies). Figure 6 shows the extinction maps derived from both methods as well as the non extinctioncorrected Hα map of NGC 2903. Both extinction maps show areas with higher values that correspond to where current star formation is happening as seen in the Hα map and where the dust lanes are in the optical (Figure 1) . We use the reddening derived from the continuum to get the intrinsic light from the galaxy to be consistent with the stellar populations analysis.
MASS BUILD-UP AND STAR FORMATION HISTORY
The traditional way of determining mass is by using an infrared image, where the dominant light source are K giants. This justifies our light decomposition in Section 3 where we use the 2MASS K s -band data in decomposing the galaxy into the bulge, bar, and disc. But to be more consistent with how we derived the stellar population properties from the template fitting, we compute the mass from the M/L ratio for each stellar population (of different metallicities) at different ages, by knowing how much they contribute to the total light. We use the M/L in the SDSS g band since its whole range is within the observed wavelength of VENGA and within the wavelength range of our SSP templates. The MILES stellar populations (Vazdekis et al. 2010 ) has magnitudes, colors, M/L, and masses tabulated in their website 1 for all their single stellar populations in different filters, including SDSS. As for the GRANADA-based templates, we derived the M/L ourselves using the fact that the spectra are in units of L /M /Å. We convolve the spectra with the SDSS g-band transmission curve and integrate. We also take into account that the contributing mass to the spectra is a combination of the stellar remnants and stars, and is smaller than the initial mass of the cloud (at 1 M ). Therefore the per M is actually interpreted as per M × remaining mass fraction left in remnants and stars. For example, this fraction is 1 i.e. no mass lost yet for a 10 Myr population and ∼ 0.7 for a 10 Gyr stellar population.
To double-check the resulting M/L, we applied the same method to the MILES templates that already have the M/L in the g band. They are at most, different by only 3%, with our values being higher. For self-consistency, we use the derived M/L instead of the tabulated M/L for the MILES templates and warn the reader that the mass we compute may be overestimated by 3%.
Once we have the M/L in the g band for all the templates and the dust-corrected light from the galaxy as outlined in Section 4.2, we can then multiply them by each other and get the mass of the spaxel if 100% of its light came from that stellar population. This has to be multiplied by the weights determined from the stellar population fitting and then added up to get the total mass of the spaxel in g-band.
Using the spaxel membership from Section 3, we combine the masses in four different age bins for spaxels that belong to the same component, color-coded by the contribution of different metallicities. Figure 7 shows these mass fraction build up for the whole galaxy, the bulge, the bar, and the outer disc. We group the ages accordingly: 1-63 Myr for stellar populations coming from the GRANADA templates and whose light is dominated by current star formation, 63 Myr -1 Gyr for the younger MILES templates that are also dominated by light from O and B stars, 1 -5 Gyr for the stellar populations dominated by A type stars, and > 5 Gyr for those dominated by F and G stars. Conroy (2013) (Stellar Population Synthesis Review) expressed that SPS with full-spectrum fitting can be trust-worthy up to 7 Gyr, after which, it is harder to discern between older populations. However, we choose to be conservative with our age-binning 
red), model for the gas flux (pink), combined gas and continuum models (orange), the residuals(green), and wavelength ranges not included in the fit(blue). We zoom into a smaller portion of the spectra (bottom panel) to highlight how well the model spectra (orange) reproduces the observed spectra (black). Middle 3 panels: contributions from different stellar populations in a grid of [M/H] (dex) vs log Age (yr) for the MILES alpha-enhanced templates (second panel, from the top), MILES solar-abundance templates (third panel), and young GRANADA templates (fourth panel). Take note that each sets of templates have different heat scales for their contribution to the bestfit template. This figure highlights pPXF's ability to reproduce the observed spectra from a combination of templates that span a wide range in ages and metallicities. V ) determined from fitting the stellar continuum shape in pPXF (center), and non extinction-corrected Hα flux (erg s −1 cm −2Å−1 ) map derived from the simultaneous gas-fitting with the stellar population-fitting in pPXF (right). We note that the areas with high extinction in both E(B − V ) maps trace similar regions i.e. areas with higher star formation as seen in the Hα map.
based on the lifetime of A-type stars whose age we can tell from the Balmer lines and Balmer Break.
We derived masses for NGC 2903, listed in Table 2 , from light-weighted and mass-weighted stellar population fitting. The light-weighted masses are lower which is expected, as younger stellar populations are weighed more in this case which have lower mass-to-light ratios. Because the total light-weighted mass of NGC 2903 is smaller than mass measurements in the literature (i.e. 21% of mass from Lee et al. 2009 ) and the mass-weighted stellar population fitting from this study (22%), we do not discuss these results in the context of the mass growth of each galaxy component (Section 6.1).
RESULTS AND DISCUSSION
One major advantage of our spatially resolved IFU-based study is that we can dissect the galaxy into its outer disc, bar, and bulge, and analyze the stellar populations of each component. Figure 7 shows the age, metallicity, and mass of the stellar populations present in the whole galaxy, as well as in its outer disc, bar, and central bulge. The y-axis shows the stellar mass fraction as determined in Sections 4 and 5. The x-axis shows the four age bins used for the fits, as discussed in Section 5.
The hashed marks show the contribution from alphaenhanced stellar populations, and the color bar below the four panels show the metallicity ([M/H]) for the solar abundance templates and the alpha-enhanced ([Mg/Fe]=0.4) templates. One can see that at smaller lookback times (i.e., for younger stars), the contribution from alpha-enhanced stellar populations decreases. This is consistent with chemical evolution models where the α elements produced in corecollapse supernovae are diluted by SNe Ia events.
We next discuss the properties of the stars in the outer disc, bar, and bulge of NGC 2903 and the implications for the assembly history of NGC 2903.
Stellar population ages and metallicities in the outer disc, bar, and bulge
The outer disc: The bottom right panel of Figure 7 shows the stellar populations of the outer disc of NGC 2903. The outer disc contributes to 72% of the total stellar mass of the whole galaxy, 16% lower than the Disk/T from the GALFIT decomposition. This is because of the absolute nature of our spaxel assignment to only one component, when in fact there could be superposition of different components in a given region. Specifically, as seen in Figure 3 , the outer disc light distribution peaks in the central region but these spaxels are assigned to either the bulge or the bar in Figure 4 . The outer disc has 46% of its stellar mass in the form of stars of age > 5 Gyr, 48% stars of age between 1 and 5 Gyr, and the remaining small fraction (below 10%) of its stellar mass is locked in young stars. It is clear that the outer disc of NGC 2903 does not exhibit a simple exponentially declining star formation history as is sometimes assumed in doing SED fits of galaxies out to intermediate galaxies. Rather, this SFH is more complex. The observed properties support a scenario where a) nearly half of the stellar mass in the outer disc of massive spirals formed via recent (1-5 Gyr ago) in-situ star formation from gas that could have accreted recently or over an extended period of time (Kereš et al. 2005; Dekel et al. 2009 ); and b) the remaining substantial fraction of the outer disc may have been built via older (>5 Gyr) in-situ star formation as well as mergers of satellites (Naab & Trujillo 2006; Khochfar & Silk 2009; Bezanson et al. 2009; Jogee et al. 2009; Weinzirl et al. 2009 ) that can have older (> 5 Gyr) and/or metal-poor stars.
The outer disc and stellar bar: As shown in the bottom left panel of Figure 7) , the stellar bar contributes to 20% of the total stellar mass of the galaxy, and it is about 3 times less massive than the outer disc. We measure 14% more than the Bar/T (0.06) in the GALFIT decomposition. This could be due to our relatively lenient criterion on spaxel assignment (i.e. component dominance by > 50%) as discussed in Section 3. The outer disc and bar have 46% and 35% of their respective stellar masses made of stars of age > 5 Gyrs, and 48% and 65% made of stars of age between 1 and 5 Gyr. For the most part, the metallicity make-up of stars in the outer disc and bar are quite similar. The similarity is broadly consistent with the general picture that stellar bars form (spontaneously or via tidal triggers) from disc material (Miller & Prendergast 1968; Combes & Sanders 1981) . We perform a more detailed exploration of what one might expect by looking at cosmological simulations of bar formation by Romano-Díaz et al. (2008) . These simulations show that at high redshifts (e.g., z ∼ 5-8), the bars that form are transient in nature, repeatedly getting destroyed and reforming. The fragility and transient nature of the early generations of bars at these epochs are due, at least in part, to the fact that the outer disc is not yet very massive and is experiencing frequent galaxy mergers, associated rapid changes in the gravitational potential, and large gas inflows. According to these simulations (Romano-Díaz et al. 2008) , stellar bars become more stable at z ∼ 1 (lookback times of about 8 Gyr), when the outer disc has also become more massive and stable.
The fact that the bar in NGC 2903 has a larger fraction of its mass (65%) in younger (1-5 Gyr old) stars than the outer disc, and has very few metal-poor stars is consistent with the above picture, and with the ability of bars to drive gas inflows. Specifically, a bar that forms at lookback times of 8 Gyr or less from a massive stellar disc would include only disc stars inside the corotation radius (CR) of the bar. These stars would therefore be from the inner parts of the outer disc, rather than in its outskirts, and would consequently tend to be metal rich than disc stars. Another factor is that the bar can very efficiently drive gas from the outer disc into the central kpc by driving gas inflows on its leading edge (Shlosman & Noguchi 1993; Knapen et al. 1995; Athanassoula 2003) . If the amount of shear along the bar is not too strong, the inflowing gas can form stars along the bar, thus adding young stars in the bar region (Jogee et al. 2005) .
The bulge and outer disc: As shown in the top right panel of Figure 7 , the central bulge has 4% of the total stellar mass of the galaxy.This is comparable to what GALFIT gives (5.7%). Most (75%) of the stars in the bulge are older than 5 Gyr, and it has a sharply declining fraction of younger stars. This star formation history is reminiscent of that of early type galaxies. The presence of a small fraction (below 10%) of young stars (63 Myr to 1 Gyr old) is consistent with gas inflow driven by the bar and other mechanisms building a younger stellar population in the central part of the galaxy. The presence of old, high metallicity stars is intriguing and will be discussed in § 6.3.
It is striking that while the bulge has 75% of its stars with age > 5 Gyr, the outer disc has over 50% of its stars with younger ages < 5 Gyr. The chemical evolution of the bulge is also different from the bar and the disc, with a large fraction of low metallicity, high-α stars at > 5 Gyrs, similar to what we see for the alpha-metallicity trends in the Milky Way bulge (Ness & Freeman 2016; Bensby et al. 2017) . These properties of the bulge are consistent with aspects of the inside-out growth of galaxies as they support the idea that older and/or metal-poor stars form first in the central regions of galaxies, while younger stars form or assemble in the outer regions later.
Our results also agree with the structural study by Weinzirl et al. (2009) which suggests, based on the comparison of a large sample of spirals with predictions from semi-analytical models (Khochfar & Burkert 2005; Khochfar & Silk 2006; Hopkins et al. 2009 ), that spiral galaxies with low B/T < 0.2, such as NGC 2903 (which has B/T ∼ 0.057 from our GALFIT decomposition), have not undergone a major merger since z∼2 (lookback time of ∼ 10 Gyr). Instead, such spirals have likely built their outer discs as well as part of their bulge at later times through gas accretion, minor mergers, and secular processes.
More recently, there have been studies with hydrodynamical simulations of galaxies that focus on disc and bulge formation. Gargiulo et al. (2019) used the Auriga simulations (Grand et al. 2017) to look at galaxies with Sérsic index n < 2 and 0.12 < B/T < 0.44. Comparisons with their galaxies that have ∼20% of the bulge particles at ages between 1-5 Gyr (as we see in Figure 7 for the bulge) show low B/T (i.e. < 0.2) and growth through minor mergers and secular processes. Tacchella et al. (2019) used IllustrisTNG hydrodynamical simulations (Pillepich et al. 2018) to study the spheroidal and disc components of galaxies. They find that similar-mass galaxies to NGC 2903 have bulges that grow very little between the epoch of disc formation (z∼2) and z=0, which therefore decreases the B/T from ∼0.45 to ∼0.30. Though these B/T estimates are higher than what we find for NGC 2903, we want to highlight that this decrease is due to the disc mass build-up and lack of major mergers during the same epoch.
2D maps of stellar age and metallicity
From the stellar population synthesis and best-fit combination of stellar populations for each spaxel, we derived massweighted and light-weighted age and metallicity maps as shown in Figure 8 . Both the age and metallicity are higher for the mass-weighted maps than the light-weighted maps. This physically makes sense as older stars at a given metallicity and higher-metallicity stars at a given age have higher mass-to-light ratios and would therefore dominate the massweighted maps. On the other hand, the light-weighted maps show lower values for the average age and metallicity for a spaxel. Younger stars dominate the light for a given stellar population, therefore the light-weighted age is biased towards younger ages. Also quite noticeable is the enhanced metallicity, both in the mass-weighted and light-weighted maps, for the spiral arms and central region, areas with higher star formation.
To look into these patterns further, we made lightweighted averaged age maps for stellar populations with ages < 10 Myr. We also compare it to the Hα map derived from the simultaneous gas-fitting of pPXF together with the stellar population fitting. These are shown in the left and center panels of Figure 9 . For the map of younger stars (< 10 Myr), the fact that the bulge and the spiral arms have relatively older ages means that there is a continuous production of stars in those regions for the last 10 Myr, as seen and traced by the Hα map. We compare these two maps to intermediate-age stars (1-5 Gyr) as seen on the right panel of Figure 9 . This map, on the other hand, does not share the same features as the Hα map.
It is also interesting that we see two populations in the central region, though we note that only the innermost spaxels were classified as part of the bulge in making the mass build up histories. From Figure 8 , we can see a younger and higher metallicity stellar population surrounding an older, lower metallicity stellar population in both the light-weighted and mass-weighted maps. This is evidence of the co-existence of an older and lower metallicity bulge and a younger and higher metallicity bulge. Such composite systems have been found in other galaxies through light profile and kinematics studies (e.g., Fisher & Drory 2010; Erwin et al. 2015) , preferentially in spirals with bars. In this study, we distinguish these composite bulges in metallicity and age, complementary to previous work. The presence of younger stars in the bulge as well as our structural fit that gives it a Sérsric index of n < 2 hints that we may be seeing NGC 2903's disky pseudobulge (Kormendy & Kennicutt 2004b; Fisher & Drory 2008) , though a more detailed study on its kinematics is needed.
The presence of younger stars in the central region is also in line with low Sérsric index and low B/T galaxies that have grown through secular processes, gas accretion, and minor mergers in the recent past (Weinzirl et al. 2009 ). For NGC 2903's case, we see this evident in the bulge, which includes new stars, partly formed from existing or accreted gas driven into the central regions by the stellar bar. The light-weighted age map in Figure 8 shows that these stellar populations have ages < 1 Gyr compared to 2.5 -4 Gyr for the central part of the bulge. The mass-weighted age map in Figure 8 shows an even bigger difference in the average age, with the younger population being < 2.5 Gyr and the older population > 10 Gyr. Figure 7 shows the stellar mass fraction of the whole galaxy, bulge, bar, and disc, divided into bins of different stellar ages. Most (75%) of the stars in the bulge are older than 5 Gyr and largely have high metallicity, followed by low metallicity and alpha-enhanced compositions. In this section, we try to understand the metallicity pattern better and explore whether it is plausible to have such high metallicities in bulge stars with age > 5 Gyr.
Stars in the bulge
We first compare to observations of gas-phase metallicity radial gradients at high redshifts. These observations were first done using lensed systems (Jones et al. 2010; Yuan et al. 2011) where it is easier to get spatially-resolved measurements. More observational studies (Swinbank et al. 2012; Jones et al. 2013; Molina et al. 2017; Wang et al. 2017) have been made possible, both for lensed and unlensed systems, with powerful IFS and adapative optics. These studies find a range of slopes and trends for the gas-phase metallicity gradient, with Swinbank et al. (2012) finding two high redshift galaxies exhibiting super-solar metallicities at their central regions.These observations suggest that old, high metallicity stars could be built from this gas in the central regions of galaxies at lookback times as early as 10 Gyr ago. There is hence a plausible pathway for explaining the presence of bulge stars with age > 5 Gyr and super-solar metallicities in NGC 2903.
Next, we compare to observations of gas-phase metallicity radial gradients in the local universe. NGC 2903 is one of the galaxies that Kaplan et al. (2016) studied. The authors found that seven out of the seven gas-phase metallicity indicators exhibit solar and super-solar values in the central region of NGC 2903, even reaching 0.4 dex above so-lar values. It is interesting to note that other radial gradient studies in the low redshift regime (e.g., González Delgado et al. 2015; Scott et al. 2017) show that the median stellar metallicity trend for galaxies with similar morphology and similar mass to NGC 2903 have slighty below solar stellar metallicity values. This may however be an effect of lower spatial sampling that would drive the average metallicity down.
We also compare our findings on the NGC 2903 bulge to that of the Milky Way bulge. A complete study of the stellar population in the Milky Way is hampered by a lot of systematic uncertainties and observational constraints. We simply do not have well-characterized spectra for the shortlived stellar evolutionary phases to get a complete census of the mass fraction of differently-aged stars. However, it has been shown that the Milky Way bulge has had rapid star formation and chemical enrichment at or before z∼2 and so a large part of its mass would be from those very old metalrich stars (Ness et al. 2013) .
CONCLUSIONS
In this study, we have used the VENGA IFU survey to dissect the age, metallicity, and mass of stars in the bulge, bar and outer disc of NGC 2903, and how their ensemble formation histories paint a comprehensive picture of galaxy evolution. We performed bulge-bar-disc decomposition with GALFIT to better assign a spectra to a galaxy component and performed full-spectrum fitting with pPXF to derive the stellar populations from which we got star formation histories. Our main results are:
(1) The outer disc: The outer disc has 46% of its stellar mass in the form of stars with ages > 5 Gyr, 48% in stars with ages between 1 and 5 Gyr, and < 10% in younger stars. There is a larger fraction of solar and sub-solar metallicity stellar populations in the outer part of the disc compared to the inner parts of the galaxy. These observed properties support a scenario where the outer disc may have mainly formed via in-situ star formation recently (1-5 Gyr ago) and at earlier times (> 5 Gyr ago), and via mergers of satellites with older (e.g. age > 5Gyr) and/or metal-poor stars.
(2) The stellar bar: The stellar bar is about three times less massive than the outer disc. It has a broadly similar stellar metallicity make-up and distribution of stellar ages as the outer disc, but has a higher fraction of younger stars of ages between 1 and 5 Gyr (65% in the bar vs 48% in the outer disc). These results support the general picture where stellar bars form, spontaneously or via tidal triggers, from disc material, and where gas inflows along a weak or moderately strong bar can lead to star formation along the bar.
3) The bulge: The central bulge contributes less than 5% of the total stellar mass of the galaxy and bulge-bardisc decomposition of the 2MASS Ks-band image shows it has a low Sérsic index of ∼ 0.27 (see Table 1 ), suggestive of a disky pseudobulge rather than a classical bulge with a de Vaucouleurs profile. Its distribution of stellar ages and metallicity differs strongly from that of the bar and the outer disc. The bulge has 75% of its stars with age > 5 Gyr, while the bar and the outer disc have over 50% of its stars with ages between 1 and 5 Gyr or younger. These old respectively. Bottom: Same as above but light-weighted. The light-weighted age and metallicity are younger and lower respectively, as these stellar populations have lower mass-to-light ratio compared to older and higher metallicity stellar populations. Both age maps show that the disc generally has no features but that the bulge has a young population and an old population. On the other hand, both the metallicity maps trace areas of high star formation (in the spiral arms and central regions), showing enhanced metallicities. Figure 9 . Light-weighted average age for stars that are less than 10 Myr old (left), extinction-corrected Hα map (center), and lightweighted average age for stars with ages between 1 and 5 Gyr (right), to compare areas with recent star formation based on the continuum and gas vs an older population. The color bars for the first and third panels represent log of age in years while the color bar for the second panel is log of the extinction-corrected Hα flux in ergs −1 cm −2Å−1 . Hα recombination lines trace stars formed < 10 Myr. As expected, the young stellar population map agrees with the features being traced in the Hα map. The stellar populations with ages 1-5 Gyr do not have the same features as the Hα map and instead shows older ages inside corotation i.e. location of the bar.
> 5 Gyr bulge stars largely have high metallicity, followed by low metallicity and alpha-enhanced compositions, similar to what we see for the alpha-metallicity trends in the Milky Way bulge. These properties are broadly consistent with the idea of inside-out growth in the sense that the dominant part of the bulge likely formed earlier than the outer disc from central star formation over 5 Gyr ago. The presence of a small fraction (below 10%) of young stars (63 Myr to 1 Gyr old) in the bulge is consistent with gas inflow driven by the bar and other mechanisms, building a younger disky bulge superimposed onto an older bulge.
(4) We compare 2D mass-weighted and light-weighted stellar metallicity and age maps and find, as expected, that light-weighted maps are biased towards younger stellar populations that dominate the light. There is enhanced metallicity in the spiral arms and the central regions, both of which have higher star formation rate density as shown in the Hα map.
(5) Our results in (1) to (3) are consistent with the study by Weinzirl et al. (2009) , which suggests that most spiral galaxies in the local Universe with low B/T have not had a major merger since z ∼ 2, and have grown their outer disc mostly through gas accretion, minor mergers, and secular processes, based on their comparison of structural properties of spirals (such as the distributions of Sérsic index and B/T of their bulges) to semi-analytic models of galaxy evolution from Hopkins et al. (2009) , Khochfar & Burkert (2005) and Khochfar & Silk (2006) . This is further supported by recent hydrodynamical simulations (e.g., Gargiulo et al. 2019; Tacchella et al. 2019 ) that show that galaxies with B/T, Sérsic index, and mass similar to NGC 2903 have not experienced a major merger in the recent past.
In this work, we have emphasized the importance of the comprehensive study of individual and synergistic stellar populations and masses of the different parts of a galaxy to fully understand its formation and evolution. With more expansive spectral templates, and telescopes like JWST and the Giant Magellan Telescope (GMT 2 ) that let us peer deeper into space at higher resolutions, we will be able fill in our knowledge about how galaxies and their components change over time. Doing it in the nearby universe as we did in this study is but the first step. funded by LSSTC, NSF Cybertraining Grant 1829740, the Brinson Foundation, and the Moore Foundation.
